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(54) FLUORINE-CONTAINING EPOXY RESIN COMPOSITION HIGHLY SOLUBLE IN SOLVENTS 

(57) A fluorine-containing epoxy resin conrpositlon 
at least contains: a fluorine-containing epoxy resin com- 
position at least containing: a component (a) in an 
amount of from 5 to 80 parts by weight; a component (b) 
in an amount of from 5 to 40 parts by weight: and a com- 
ponent (c) in an amount of from 5 to 80 parts by weight, 
wherein the component (a) comprises a polyfunctional 
epoxy resin having two or more of epoxy groups in one 
molecule and not containing F and Si; the component 
(b) comprises an epoxy compound having a perfluoro 
group at a terminal; and the component (c) comprises a 
compound containing In one molecule two or more of 
one kind or two or more kinds selected from an epoxy 
group, an alcohol group, a cartx)xylic acid group, and an 
amine group. The fluorine-containing epoxy resin com- 
position is suitably usable for treating a specified sur- 
face of a member or device so as to impart a liquid 
repellent property thereto. The resin composition is also 
usable as an adhesive for bonding members to each 
other, and as a paint when added with a coloring mate- 
rial diffused therein. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a fluorine-containing epoxy resin composition which Is readily soluble in commonly 
used organic solvents and enables formation of a high quality coating film excellent in surface properties (hardness and 
smoothness), liquid repellent property, and adhesion property. The present Invention also relates to a process of treat- 
ing a surface of an object using said resin composition so as to form the surface excellent in surface properties (hard- 
ness and smoothness), adhesion property, and liquid repellent property on the object. 

Related Background Art 

It has been known that liquid repellent agents commonly used are stable thermally, chemically and excellent in 
weatherability, water tightness, chemical resistance, solvent resistance, moW releasability, and liquid repellent property; 
however, they are not necessarily satisfactory in terms of hardness and adhesion to a member. 

Such a liquid repellent agent has been used in a variety of industrial fields. For example, in the Ink jet field, there 
has arisen an inconvenience that ink is accumulated on neighborhoods of discharging outlets provided in an ink jet 
head for discharging ink and the ink thus accumulated possibly deviates the discharging direction of ink and blocks the 
discharging outlets, and to cope with such an Inconvenience, a liquid repellent agent has been applied on a surface pro- 
vided with the discharging ports (the surface will be hereinafter occasionally called a discharging outlet surface). 

FIG. 14 is a schematic view showing one example of an ink jet head in which a discharging outlet surface is sub- 
jected to liquid repellent finish using a liquid repellent agent. In FIG. 14, reference numeral 101 Indicates a substrate for 
an ink jet head, which is formed of a material such as glass, aluminum or silicon. The substrate 101 is joined with a top 
plate 102 provided with grooves for forming liquid pathways 104. The liquid pathways 104 are formed of the grooves of 
the top plate 102 and the base plate 101 . An energy generating element 103 for discharging ink is provided in each of 
the liquid pathways 104. A discharging outlet plate 107. which is provided with discharging outlets 108 each communi- 
cated to the liquid pathways 1 04 for discharging Ink. is joined with a joined body of the substrate 101 and the top plate 
1 02, to form an ink jet head. A liquid repellent layer 1 07a formed of a fluorine-based resin Is provided on a surface hav- 
ing the discharging outlets 108 (hereinafter, referred to as a discharging outlet surface) of the discharging outlet plate 
107. The liquid repellent layer 107a has such a pattern as shown in FIG. 4 in which neighborhoods of the discharging 
ports are different in liquid repellent property from the remaining portion. As is well known, the configuration in wfiich a 
liquid repellent area extends locally on neighborhoods of discharging outlets and a hydrophilic area 107* is formed 
around the liquid repellent area is. effective in removal of ink adhering on the discharging outlet surface, as compared 
with a configuration in which the liquid repellent area extends over the entire discharging outlet surface. 

That is, even in the case where a liquid repellent layer is provided on a discharging outlet surface of an Ink jet head, 
if ink in mist adheres on the discharging outlet surface, it possibly remains thereon. In general, the ink remaining on the 
discharging outlet surface is removed by wiping operation using a cleaning blade; however, If the ink remaining on the 
discharging outlet surface is thickened in viscosity, the removal of the Ink using the cleaning blade becomes difficult. 
When the ink thickened in viscosity is located on neighborhoods of the discharging outlets, the ink accumulated thereon 
is liable to de\^iate the discharging direction of ink and to block the discharging outlets. For this reason, the discharging 
outlet surface is so configured that it has a liquid repellent area around the discharging outlets and a hydrophilic area 
around the liquid repellent area for moving the Ink remaining on the discharging outlet surface to the hydrophilic area. 
This makes it possible to at least reduce the possibility that the ink remains around the discharging outlets and to easily 
collect the ink in small droplets to the hydrophilic area, and hence to making easy the removal of the ink using the clean- 
ing blade. 

In this way, the liquid repellent agent applied on a discharging outlet surface of an ink jet head needs to have a 
desired adhesion property, a desired rigidity (that is, hardness), and a desired wear resistance. From this viewpoint, a 
fluorine based resin used as the atK)ve-mentioned liquid repellent agent does not adequately satisfy the needs regard- 
ing hardness and adhesion to a member. On the other hand, Japanese Patent Laid-open No. Hei 4-21 1959 discloses 
an ink jet head having a discharging outlet surface subjected to liquid repellent finish using a liquid repellent agent com- 
posed of a polymer having a fluorine-containing heterocyclic structure at a main chain. The discharging outlet surface 
subjected to liquid repellent finish using the above polymer is excellent in liquid repellent property and also relatively 
excellent in wear resistance. It is to be noted that the polymer having a fluorine-containing heterocyclic structure at a 
main chain is being practically used at present as a liquid repellent agent for a discharging outlet surface of an ink jet 
head. 

It is understood from the above description that the polymer having a fluorine-containing heterocyclic structure at 
a main chain is effective as a liquid repellent agent used for subjecting a discharging outlet surface of an Ink jet head to 
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liquid repellent finish. 

The polymer, however, does not adequately satisfy the needs in any cases as will be described below. 

That is, in recent years, a variety of cartridge type ink jet heads have been commercially available for eliminating 
the necessity of maintenance for the, ink jet head. Such a cartridge type ink jet head (hereinafter, referred to as an jet 
head cartridge) adopts a configuration that the discharging outlet surface is protected with a discharging outlet surface 
protecting member such as a seal tape or a cap. The discharging outlet protecting member is removed when the ink jet 
head cartridge is mounted on the Inkjet system. Accordingly, for an Inkjet head cartridge of a type being exchanged in 
accordance with the color and physical property of printing ink used, the exchanging operation of the ink jet head car- 
tridge is conducted with the discharging outlet surface exposed. Upon this exchanging operation, the discharging outlet 
surface of the ink jet head cartridge is often brought in contact with the user's finger, the ink jet system and/or a head 
cartridge storage vessel. In the case where the discharging outlet surface of such an Inkjet head cartridge is provided 
with a liquid repellent layer formed of a liquid repellent agent composed of the polymer having a fluorine-containing het- 
erocyclic structure at a main chain, the liquid repellent layer is relatively excellent in wear resistance in the conventional 
service; however since the liquid repellent layer is formed of the polymer having a low hardness, it withstands the friction 
due to the wiping operation but it is possibly scratched when being brought In contact with the above-mentioned obsta- 
cles. If the liquid repellent layer is not directly scratched, there is a possibility that contaminants and the like adhere on 
the discharging outlet surface, and consequently the liquid repellent layer may be damaged when the contaminants 
adhering on the discharging outlet surface are pressed on the liquid repellent layer by the cleaning t)lade upon wiping 
operation. 

On the other hand, in recent years, there has been proposed an Inkjet system for conducting precise printing using 
ink In a relatively small droplet so as to further improve the quality of a printing image. In such an Improved ink jet sys- 
tem using ink in a relatively small droplet, a distance between the discharging outlet surface and a recording medium 
such as a paper sheet is made very narrower for increasing the shooting accuracy. In the case where the distance 
between the discharging outlet surface and the recording medium is nanrow, if there is a slight failure in carrying the 
recording medium, the discharging outlet surface may be rubbed with the recording medium, whereby damaging the 
discharging outlet surface. From this viewpoint, the discharging outlet surface of the above-mentioned ink jet system 
needs to be provided with a liquid repellent layer formed of a liquid repellent agent having such a high hardness that the 
liquid repellent layer is not damaged even if it is rubbed with a recording medium. 

However, most of the fluorine based resins commonly used for the liquid repellent agent are relatively low in hard- 
ness. 

Incidentally a liquid repellent layer having a large thickness is advantageous in that when the liquid repellent layer 
is damaged, it has a non-damaged portion under the damaged surface portion, so that it is possible to prevent the devi- 
ation of the discharging direction of ink. However, since the liquid repellent agent composed of a polymer having a flu- 
orine-containing heterocyclic structure at a main chain is relatively low in adhesion property, the formation of the liquid 
repellent layer to a large thickness causes a problem that the liquid repellent layer is peeled. Accordingly, the liquid 
repellent agent used for forming a liquid repellent layer on a discharging outlet surface of an ink jet head is required to 
have a characteristic capable of suitably controlling the film thickness as well as an excellent film formability. 

In this way the conventional liquid repellent agent cannot make compatible the hardness with the liquid repellent 
property at a high level, and cannot adequately satisfy the above-mentioned requirements. 

European Patent Laid-open No. 631869 discloses a process of imparting a liquid repellent function on a discharg- 
ing outlet surface locally at neighborhoods of discharging outlets. This process is carried out by a manner of forming a 
liquid repellent film over the entire discharging outlet surface using a solvent-drying type liquid repellent agent, and par- 
tially cutting off the liquid repellent film on the discharging outlet surface by way of irradiation of an excimer laser beam, 
whereby forming a liquid repellent pattern in which a liquid repellent area is locally formed only on neighborhoods of the 
discharging outlets and a hydrophilic area is formed around the liquid repellent area. However, since a polymer used as 
the liquid repellent agent has a fluorine-containing heterocyclic structure at a main chain and is low in energy absorbing 
efficiency for excimer laser, it has a difficulty in formation of a fine patterning. On the other hand, Japanese Patent Laid- 
open No. Hei 5-124199 discloses a process in which a photosensitive resin having a liquid repellent property is formed 
as a liquid repellent agent on a discharging outlet surface, and is patterned using photolithography so that a liquid repel- 
lent function is imparted on the discharging outlet surface locally at neighborhoods of discharging outlets. This process 
is advantageous in that a fine local liquid repellent pattern can be formed, and that even when the discharging outlet 
surface is subjected to liquid repellent finish after formation of discharging outlets, liquid repellent agent does not 
remain in the discharging outlets. 

As for the known photosensitive resins having liquid repellent properties, including the liquid repellent agent (that 
is, photosensitive resin) described in Japanese Patent Laid-open Hei 5-124199, if they are excellent in their initial liquid 
repellent properties, they cannot sufficiently keep the liquid repellent properties for a long period of time. The reason for 
this may be considered to be due to low harnesses of the photosensitive resins as, the liquid repellent agents. That Is. 
an area formed of the photosensitive resin having a low hardness is gradually abraded with the repeated wiping oper- 
ations using a cleaning blade for cleaning discharging outlets. 
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As described above, the conventional liquid repellent agents are not suitable for formation of a local area excellent 
in liquid repellent property, hardness (that is, wear resistance), and adhesion property. In view of the foregoing, it has 
been required to early provide a liquid repellent agent for forming a film having a local repellent function and being in 
excellent hardness (that is, wear resistance) and adhesion property, particularly, on a discharging outlet surface of an 
5 ink jet head neighborhoods of discharging outlets. 

SUMMARY OF THE INVENTION 

An object of the present invention Is to provide an epoxy resin based composition useful for a variety of applica- 
10 lions, which is readily soluble in commonly used solvents, exhibits such a compatible state of components that the com- 
ponents cannot be distinguished at a visible light level, and is excellent in hardness, liquid repellent property, adhesion 
property, and film formability. 

Another object of the present invention is to provide an epoxy resin based composition capable of forming a high 
quality liquid repellent film excellent in liquid repellent property, adhesion property, and surface properties (hardness 
15 and smoothness). 

A further object of the present invention is to provide an epoxy resin based composition capable of reforming a sur- 
face of a member into a surface excellent in liquid repellent property, adhesion property, and surface properties (hard- 
ness and smoothness). 

A still further object of the present invention is to provide an epoxy resin based composition capable of forming a 

20 high quality liquid repellent film excellent in liquid repellent property, adhesion property, and surface properties (hard- 
ness arKl smoothness) on a surface of a member in a given shape. 

A specific object of the present invention is to provide an epoxy resin based composition capable of forming a liquid 
repellent film excelient in surface properties (hardness and smoothness), liquid repellent property, and adhesion prop- 
erty on a discharging outlet surface of an ink jet head. 

25 Another specific object of the present invention is to provide an epoxy resin based composition capable of forming 
a liquid repellent resin excellent in surface properties (hardness and smoothness), liquid repellent property, and adhe- 
sion property on a discharging outlet surface of an ink jet head in a given shape. 

To attain the above objects, the present inventors have made the following examination. That is, since any conven- 
tional single liquid repellent agent has failed to attain the above objects as described above, the present inventors have 

30 attempted to develop a new resin conoposition capable of attaining the above object, and as such a resin connposition, 
the present inventors have adopted a type in which components of the resin connposition are in a compatible state for 
making uniform the performance of the resin composition. Here, the compatible state means such a state in which com- 
ponents are uniformly mixed and cannot be distinguished at a visible light level. The term " compatible state" used here- 
inafter means such a state as described above. 

35 The present inventors have decided to use an epoxy resin as the basic component of the resin composition in terms 
of reactivity and workability, and have extensively studied through experiments to obtain a resin composition capatrfe of 
attaining the above objects by imparting a liquid repellent property to an epoxy resin as the tasic component of the resin 
composition. In the experiments, the examination was made using a hardening catalyst in place of a hardening agent 
for making full use of the epoxy resin. First, commercially available liquid repellent agents were used for imparting a liq- 

40 uid repellent property to an epoxy resin; however, these agents were not hardened because they did not come to be in 
a compatible state to an epoxy resin. Next, compounds containing F and Si were used for imparting a liquid repellent 
property to an epoxy resin; however, they failed to obtain a resin conrposition capat^e of attaining the at>ove objects 
although some compounds come to be in a compatible state to an epoxy resin. The reason for this is that a compourrd 
containing F and Si compatible to an epoxy resin has an epoxy group or a functional group reactive with an epoxy group 

45 at a terminal, and consequently, if it comes to be in a compatible state to an epoxy resin, the Si or F group is held 
between functional groups such as benzene rings, epoxy groups or hydroxyl groups and thereby the liquid repellent 
characteristic of the Si or F group is suppressed. At all events, it has been found that a compound having a Si or F group 
at a terminal is required to be used as a liquid repellent imparting agent. However, since the conrtpound having a Si or 
F at a terminal is not compatible to an epoxy resin as described above, and from this viewpoint, the present inventors 

50 have examined a compound containing a F or Si group at a terminal which can be compatible to a composition of an 
epoxy resin and a compound containing a Si or F group and compatible to an epoxy resin. As a result, it has been found 
that an epoxy conpound having a perf luoro group at a terminal is desirable as an agent for imparting a liquid repellent 
property to an epoxy resin. The present inventors have experimentally examined resin compositions containing the 
above-mentioned components, and found that a resin composition having the following configuration can attain the 

55 above objects. That is, the epoxy resin conrposition capable of attaining the above objects at least contains (a) a pdy- 
functional epoxy resin having two or more of epoxy groups in one molecule and not containing F and Si; (b) an epoxy 
compound having a perf luoro group at a terminal; and (c) a compound having two or more of one kind of two or more 
kinds selected from an epoxy group, an alcohol group, cart>oxylic acid group, and an amine group and containing F or 
Si. 
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Since the fluorine-containing epoxy resin composition contains an epoxy based resin as a basic component, that 
is, the component (a), it Is excellent in adhesion to a member and can be hardened at a relatively low temperature, and 
therefore, it provides a hardened structure excellent in physical properties. Also since the resin composition contains 
an epoxy compound having a perf luoro group at a terminal as the component (b), it can exhibit an excellent liquid repel- 

5 lent property. Further, the resin composition contains the component (c) which makes it possible to make compatible 
the component (a) with the component (b) at a desirable mixing ratio. Therefore, the resin composition can provide a 
hardened resin structure excellent in liquid repellent property, hardness and adhesion property. More specifically the 
resin composition (that is, fluorine-containing epoxy resin composition) containing the components (a), (b) and (c) 
exhibits a desirable conrpatible state which can be kept even when being added with a polymerizing agent and a hard- 

10 ening agent, and it enables formation of a high quality hardened resin structure excellent in liquid repellent property, 
hardness, and adhesion property. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 FIGs 1 to 1 2 are views showing basic steps of producing an ink jet head according to an embodiment of the present 
invention; 

FIG. 1 3 is a view showing one example of an ink jet system in which the Inkjet head having the configuration shown 
in FIG. 12 is incorporated: and 

FIG. 14 is a schematic view showing one example of an Inkjet head in which a discharging outlet surface is sub- 
20 jected to liquid repellent treatment using a known liquid repellent agent. 

DESCRIPTION QF THE INVENTION AND PR EFERREp EMPOPIM^NTS 

A fluorine-containing epoxy resin composition as a basic feature of the present invention will be first described. 

25 The fluorine-containing epoxy resin composition of the present invention at least contains (a) a polyfunctional 
epoxy resin having two or more of epoxy groups in one molecule and not containing F and Si, (b) an epoxy compound 
having a perfluoro group at a terminal, and (c) a compound having in one molecule two or more of one kind or two or 
more kinds selected from an epoxy group, alcohol group, cartx>xytic acid group, and amine group. 

The component (a) of the fluorine-containing epoxy resin composition of the present invention is composed of an 

30 epoxy resin which is a basic component for giving adhesion to a member and a mechanical strength as a structure to 
the resin composition. As the epoxy resin of the component (a), there is used a polyfunctional epoxy resin having two 
or more of epoxy groups in one molecule and not containing F and Si. Specific examples of said epoxy resin may 
include bisphenol A type, bisphenol F type, bisphenol AD type, phenol novolac type, cresol novolac type, alicyclic type, 
aliphatic type, naphthalene type, and biphenyl type epoxy resins. Such an epoxy resin is commercially available, for 

35 example, under the trade name of Epikote 828 (produced by Yuka Shell Epoxy Kabushiki Kaisha), Araldite CY1 79 (pro- 
duced by Ciba-Geigy Japan Limited), or EHPE-3158 (produced by Daicel Chemical Industries, Ltd.). The component 

(a) of the fluorine-containing epoxy resin composition is preferably in a range of from 10 to 80 parts by weight. When 
the content of the component (a) is less than 10 parts by weight, the resin composition cannot exhibits the sufficient 
performance in terms of adhesion property to a member and mechanical strength as a structure. On the other hand, 

40 when the content of the component (a) is more than 80 parts by weight, the resin composition becomes insufficient in 
liquid repellent property. 

The component (b) of the fluorine-containing epoxy resin composition imparts a liquid repellent property to the 
resin composition, and it comes to be in a compatible state with the component (a) and the component (c) which will be 
desCTibed later. The component (b) is. as described above, composed of an epoxy compound having a perfluoro group 
45 at a terminal. Specific examples of said epoxy compound may include 3-(2-perfluorohexyl) ethoxy-1, 2-epoxypropane. 
and N-propyl-N-(2, 3-epoxypropyl) perfluorooctanesulfonamide. Such an epoxy compound is commercially available, 
for example, under the trade name of MF-120, MF-130 (produced by TOHKEM PRODUCT CORPORATION). The con- 
tent of the component (b) is preferably in a range of from 10 to 40 parts by weight. When the content of the component 

(b) is less than 10 parts by weight, the resin composition becomes insufficient in liquid repellent property: and when it 
50 is more than 40 parts by weight, the resin composition fails to obtain a sufficient hardness because of the inaeased 

monofunctional component in the resin composition. 

The conrponent (c) of the fluorine-containing resin composition functions to preferably make compatible the com- 
ponents (a) and (b) with each other, and it is composed of a compound having in one molecule two or more of one kind 
or two or more kinds selected from an epoxy group, caiboxylic acid group, and an amine group. Specific examples of 
55 said compound may include 2, 2-bis[p-(2, 3-epoxypropoxy)phenyI]-1 , 1, 1, 3, 3, 3-hexafluoropropane: 1, 4-bis(hexa- 
phIoro-2-hydroxy-2-propyt)benzene; 1, 3-bis( g!ycidoxypropyl)tetramethyldisiloxane; and phlorohexanediol. Such a 
compound is commercially available, for example, under the trade name of CHEI^INOX AFEp (produced by Nippon 
Mektron, Ltd.). 1, 4-HFAB ( produced by Central Glass Co., Ltd.), or LS7970 (produced by Shin-Etsu Chemical Co., 
Ltd.). The content of the component (c) is preferably in a range of from 10 to 80 parts by weight. When the content of 
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the component (c) is less than 10 parts by weight, the resin connposition becomes insufficient In hardness because the 
component (c) does not make compatible the component (b) with the component (a); and when it is more than 80 parts 
by weight, the resin composition is insufficient not only in liquid repellent property but also in hardness. 

In addition, in view of improving resistance to ink, it is nrrore preferable that, of the above resins as the cooponent 

5 (c), the compound having two or more of epoxy groups in one molecule and containing F or Si is used in combination 
with the compound having in one molecule two or nrrore of one kind or two or more kinds selected from alcohol group, 
carboxylic acid group, and an amine group and containing F or Si; and that the mixing ratio between the former com- 
pound and the latter compound is in a range of from 1 :5 to 5:1 in weight %. 

In the fluorine-containing epoxy resin composition containing the specified components (a), (b) and (c) in a speci- 

10 f ied composition, the three components (a), (b) and (c) are uniformly mixed with each other into a desirable compatible 
state. The fluorine-containing epoxy resin composition is readily soluble in commonly used solvents, and further, it can 
keep the above compatible state even when added with a polymerizing catalyst or a hardening agent (hereinafter, 
referred to as a component (d)). 

The fluorine-containing epoxy resin composition of the present invention, therefore, can be applied to surface treat- 

15 ment for various objects, and can desirably impart a high quality liquid repellent film excellent in hardness and adhesion 
property onto the surfaces of the objects. 

A polymerizing catalyst or hardening as the component (d) added to the resin composition composed of the com- 
ponents (a), (b) and (c) can be suitably selected in accordance with the kind of the object to be treated or the application 
of the object. In any case, however, the component (d), that is. a polymerizing catalyst or hardening agent is desired to 

20 be uniformly mixed with the fluorine-containing resin composition and to keep the above-mentioned compatit>le state of 
the resin conposition. The content of the component (d) is preferably in a range of from 0.1 to 5 parts by weight. 

TTie polymerizing catalyst used as the component (d) is selected to have a function of hardening the resin compo- 
sition composed of the components (a), (b) and (c). The polymerizing catalyst may be of either a thermosetting type or 
a photosetting type. Specific examples of the polymerizing catalyst may include boron trifluoride-amrne conrplex, bis (4- 

25 t-buthylphenyl) iodonium salt, and Cu( CFaSOaja- Such a polymerizing catalyst is commercially available, for example, 
under the trade name of SP170 (produced by Asahi Denka Kogyo K.K.). 

A hardening agent used as tiie component (d) is selected to be of a thermosetting type functioning as a thermoset- 
ting catalyst and hardening the resin composition composed of the components (a), (b) and (c). As the hardening agent 
of a thermosetting catalyst type, there may be used an amine based hardening agent and an acid anhydride type hard- 

30 ening agent, and preferably, an amine compound containing a siloxane group or a pert luoro group, and an acid anhy- 
dride of the amine compound. Specific examples of the hardening agent may include a, co-bis (3-aminopropyl) 
polydimethyl sitoxane (trade name: TSL9346, produced by Toshiba Silicone Co., Ltd.); 1, 3-bis (3-aminopropyl)- 1, 1,3, 
3-tetramethy!disiloxane (trade name: LS-7430, produced by Shin-Etsu Chemical Co. Ltd.); and 2, 2-bis (4-aminophe- 
nyl)-hexafluoropropane (trade name: BIS-A-AF, produced by Central Glass Co., Ltd.). 

35 In addition, the fluorine-containing epoxy resin composition of the present invention may contain, in addition to the 
components (a) to (d), a known silane coupling agent or levering agent, as required. 

Other than the above, a filler such as quartz talc or a pigment may be added, as required. 
The fluorine-containing epoxy resin composition of the present invention include two types: one having a flowability 
at normal temperature, and the other having no flowability at normal temperature. The fluorine-containing epoxy resin 

40 composition of a type having a flowability at normal temperature can be directly used for film formation; however, in 
order to make the components of the resin composition in a desirable compatible state, it is desired that the compo- 
nents are dissolved in a solvent and is used for film formation by evaporation of the solvent. For example, in the case of 
forming a film of the fluorine-containing epoxy resin composition by way of a coating process, the components of tiie 
resin composition are dissolved in a solvent, and a surface of an object is coated with the solution thus obtained using 

45 a solvent coating process such as spin coating process, followed by evaporation of the solvent, to form a high quality 
film on the surface of tiie object to a uniform tiiickness. 

Since the fluorine-containing epoxy resin composition of the present invention can be dissolved in most of solvents 
commonly used for known epoxy resins, ttiere can be used known solvents such as acetone, methylisobutiiyl ketone, 
and diethyleneglycol dimetiiyl ether, cyclohexane. Also such a solvent is commercially available, for exanple, under tiie 

50 trade name of Solvesso (produced by Dainippon Ink & Chemicals, Incorporated). It is to be noted tiiat these solvent are 
illustrative purposes only and are not restrictive. 

The fluorine-containing epoxy resin composition of the present invention composed of the above-mentioned com- 
ponents can be hardened at a relatively low temperature, to form a hardened structure excellent in adhesion property, 
weatherability, water tightness, chemical resistance, solvent resistance, friction resistance, and liquid repellent property 

55 The fluorine-containing epoxy resin composition of the present invention can be suitably used for treating a speci- 
fied surface of a member or device so as to inpart a liquid repellent property Uiereto. and also it can be used for adhe- 
sively bonding members to each other. In addition, the fluorine-containing epoxy resin composition of the present 
invention can be used as a paint by adding and diffusing a coloring material in tiie resin composition. 

The fluorine-containing epoxy resin conposition of the present invention is particularly suitable as a material for 
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forming a liquid repellent layer on a discharging outlet surface of an Inkjet head. 

Hereinafter, description will be made of an example of an Inkjet head in which a discharging outlet surface is sub- 
jected to liquid repellent finish using the fluorine-containing epoxy resin composition of the present invention. 

An example of producing an Inkjet head of the present invention will be described with reference to the drawings. 
FIQs. 1 to 12 shows basic steps of producing an ink jet head. In these figures, there is shown an ink jet head having 
two discharging outlets; however, this is for simplification purposes only. It should be understood that the ink jet head 
includes a high density multi-array type ink jet head having three or more of discharging outlets and also an ink jet head 
having only one discharging outlet. 

FIG. 1 is a schematic perspective view of a substrate 1 for an ink jet head which is used for production of an ink jet 
head in this embodiment. 

As shown in FIG. 1 . tiiere is prepared the substrate 1 formed of an appropriate material selected from silicon, glass, 
ceramics, plastics and metals. The substrate 1 may serve not only as an ink pathway wall-forming member but also as 
a support for a coating resin layer which will be desaibed later, and it is not particularly limited in terms of shape and 
material thereof. 

The substrate 1 is provided with a plurality of energy generating elements 2 which are spacedly anranged at equal 
irrlervals on tiie surface tfiereof. The energy generating element 2 is represented by an electrotiiermal converting ele- 
ment or piezo-electric element. In FIG. 1 , there are shown only two energy generating elements, but tiiis is for the sim- 
plification purposes only In practice, a number of energy generating elements are usually anranged on the substrate 1 . 
Each energy generating element 2 serves to impart an energy to ink in an ink patiiway for discharging ink in a droplet 
from a discharging outiet so as to provide an image on a printing medium such as a paper. In particular, in the case 
where an electrothermal converting element is used as the energy generating element 2, the electrothermal converting 
element generates a thermal energy to heat ink in the vicinity thereof whereby causing a state change for the ink to form 
a bubble, wherein energy generated based on a pressure change caused upon the formation of the bubble effects as 
discharging energy to result in discharging ink in a droplet from a discharging outiet. In the case where a piezo-electric 
element is used as the energy generating element, energy caused by the mechanical vibration of the piezo-electi^ic ele- 
ment effects as discharging energy to discharge ink in a droplet from a discharging outiet. 

In any case, tiie energy generating element 2 includes a control signal inputting electrode elecb'ically connected 
thereto (not shown). 

The substi-ate 1 may contain a proper functional layer, disposed on the energy generating element 2. for improving 
the durability thereof. 

In addition, as shown in FIG. 1 , tiie substi'ate 1 is provided with an ink supply port 3 comprising a though hole which 
is disposed at a position of tiie substrate where no energy generating element is present. 

Then, as shown in FIG. 2, a photosensitive resin layer 4 is formed on tiie substrate 1 for an ink jet head in a manner 
to cover the energy generating elements 2 disposed on the substrate 1 . The photosensitive resin layer 4 may be formed 
of a positive type photosensitive resin in view of patterning characteristic and solubility. The formation of the photosen- 
sitive resin layer 4 may be conducted by a manner of providing a solution of the photosensitive resin dissolved in a given 
solvent, applying tiie solution on a proper film such as a PET film to form a liquid coat on the film, converting the liquid 
coat on the film into a dry film, and ti'ansferring the dry film onto the sut)strate 1 for an ink jet head by using a laminator. 

Alternatively tiie formation of tiie photosensitive resin layer 4 may be conducted by means of the solvent-coating 
process such as spin coating or roll coating process. In this formation process, the ink supply port 3 is formed by ani- 
soti-opic etching in a state in which a coating resin layer 6 is provided on the substrate 1 . 

Then, as shown in FIG. 3, a patterning mask 5 is superposed on tiie surface of the photosensitive resin layer 4. and 
active energy radiation such as ultraviolet radiation or ionizing radiation is irradiated onto the photosensitive resin layer 
4 using a patterning mask 5 having a pattern allowing the irradiation for a predetermined portion which does not con- 
tribute to ttie formation of an ink patiiway to solubilize tiie predetermined portion, followed by eluting with the use of a 
solvent to remove the predetermined portion, whereby forming an ink patiiway-forming pattern 4a as shown in FIG. 4. 
The ink patiiway-forming pattern 4a is comprised of tiie non-solubilized photosensitive resin. The ink pathway-forming 
pattern 4a contributes to the formation of an ink patiiway provided with the ink supply port 3 and energy generating ele- 
ments 2 (see FIG. 4). 

After tiie formation of tiie ink patiiway-forming pattern 4a, as shown in FIG. 5, a coating resin layer 6 is formed on 
the ink pathway-forming pattern 4a in a manner to cover tiie ink patiiway-forming pattern 4a. The coating resin layer 6 
serves as a structural member of an ink jet head, and tiierefore, it is required to have a sufficient mechanical sb-ength. 
heat resistance, adhesion property to the substrate 1, and resistance to ink. As the constitijent material of the coating 
resin layer 6 which satisfies tiiese requirements, there can be used hardening resins such as epoxy resin, acrylic resin, 
diglycol dialkylcart>onate resin, unsaturated polyester resin, diarylphthalate resin, polyurethane resin, polyimide resin, 
melamine resin, phenol resin, and urea resin. These hardening resins are used together with a conventional hardening 
agent upon forming the coating resin layer. \f necessary, tt is possible to use light or tiiermal energy in order to harden 
any of these hardening resins by which tiie coating resin layer is constituted. 

The formation of the coating resin layer 6 may be conducted by a nnanner of providing a solution of any of tiie above 
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hardening resins dissolved in a given solvent and applying the solution onto the ink pathway-forming pattern 4a by the 
solvent-coating process or another manner of heat-fusing any of the above hardening resins to obtain a fused resin and 
applying the fused resin onto the ink pathway-forming pattern by way of transfer nralding. 

After the formation of the coating resin layer 6, discharging outlets are formed in the coating resin layer by way of 
lithography The formation of the discharging outlets may be conducted, for example, in the following manner. 

That is. in the case of forming the discharging outlets in by photolithography, the coating resin layer is constituted 
by a hardening resin having a negative photosensitive property. Then, as shown in FIG. 6, the coating resin layer 6 is 
subjected to light exposure through a discharging outlet-forming patterning mask 7 having shielding portions for faming 
discharging outlets. The coating resin layer is thus hardened except for its shiekied portions to form a discharging out- 
let-forming pattern in the coating resin later, wherein the discharging outlet-forming pattern comprises non-hardened 
portions based on the shielded portions and the remaining portion of the coating resin layer is hardened. Thereafter, as 
shown in FIG. 7. the non-hardened portions are removed by eluting them with the use of a solvent, whereby faming 
discharging outlets 9 in the coating resin layer 6. 

in this embodiment, the formation of the discharging outlets is conducted before the solubilization of the Ink path- 
way-forming portion of the photosensitive resin layer 4. This is due to the fact that since the coating resin layer Is con- 
stituted by the negative type photosensitive resin. If the irradiation of ionizing radiation to the ink pathway-faming 
portion of the photosensitive layer 4 should be conducted in advance of the formation of the discharging outlets, the dis- 
charging outlet-forming portions of the coating resin layer 6 are hardened so that no discharging outlet can be formed. 

In this embodiment, the Ink discharging outlets 9 are formed using photolithography; however, they may be formed 
by a manner of superposing a mask having discharging outlet-forming pattern on the coating resin layer, followed by 
irradiation of excimer laser beam or dry etching using oxygen plasma. In addition. In the case where discharging outlets 
are formed using oxygen plasma or excimer laser. It is necessary to harden the coating resin layer. 

Then, as shown in FIG. 8, in order to form a liquid repellent layer on the discharging outlet surface, a liquid repellent 
agerTt composed of the fluorine-containing epoxy resin composition of the present Invention Is applied on the coating 
resin layer 6 provkied with the discharging outlets (discharging outlet surface) by way of a solvent coating process such 
as a spin coating process, to form a liquid repellent layer 10. 

The liquid repellent layer 10 is then patterned for locally imparting a liquid repellent function only on neighborhoods 
of the discharging outlets. The patterning of the liquid repellent layer 10 can be conducted by photolithography, and for 
this purpose, a photo-polymerizing catalyst Is used as the component (d) of the fluorine-containing epoxy resin compo- 
sition. The patterning of the liquid repellent layer by photolithography is conducted, for example, in the following manner. 

First, as shown in FIG. 9, the liquid repellent layer having a negative photosensitive characteristic is exposed 
through a patterning mask 1 1 having such a pattern as to allow active energy radiation to pass through only the neigh- 
borhoods of the discharging outlets. The exposed portion of the liquid repellent layer 10 is hardened, so that the other 
portion than the neighborhoods of the discharging outlets is patterned in a desired state. Then, as shown in FIG. 10, 
the non-exposed portion of the liquid repellent layer 10 is eluted by a solvent, to form a liquid repellent pattern 10a 
extended only on the neighborhoods of the discharging outlets. 

Next as shown in FIG. 1 1 . Ionizing irradiation is in-adiated on the ink pathway-forming portion 4a through the liquid 
repellent pattern 10a and the coating resin layer 6, to solubilize the ink pathway-forming portion 4a. 

Finally, the ink pathway-forming pattern 4a thus solubilized is eluted with a solvent, to form an ink pathway 8. An 
ink jet head shown in FIG. 12 is thus obtained. 

In the above, description has been made of the case of providing the side shooter type ink jet head. However, it is 
a matter of course that the present invention can be employed also for production of an ink jet head of the edge shooter 
type of discharging ink in the direction along the face on which energy generating elements are arranged. In the case 
where the present invention is employed for production of the edge shooter type ink jet head, discharging outlets are 
formed at an end portion of the substrate for an ink jet head having the coating resin layer formed thereon and therefore, 
the above discharging outlet-forming step is not necessary to be conducted. 

In the Inkjet head of this embodiment, the hardened layer (liquid repellent pattern) of the hardened fluorine-con- 
taining epoxy resin conrposition is locally provided on the discharging outlet surface at least at neighborhoods of the 
discharging outlets, so that the neighborhoods of the discharging outlets are given a liquid repellent property, and 
accordingly, it is possible to prevent droplets (ink droplets) from adhering on the discharging outlet surface and hence 
to prevent deviation of the discharging direction of Ink. Also, the hardened layer is excellent In adhesion property, in 
addition, a fine liquid repellent pattern can be formed only on the neighborhoods of the discharging outlets using the 
fluorine-containing epoxy resin composition of the present invention. 

FIG. 13 shows one example of an Inkjet system In which an Inkjet head having the configuration shown in FIG. 12 
is incorporated. In FIG. 13, reference numeral 61 indicates a blade as a wiping member, which is held in a cantilever 
manner with one end fixedly held on a blade holding member. The blade 61 is disposed at a position adjacent to a print- 
ing region from an ink jet head 65, and is heW in a manner to project in a movement path of the ink jet head 65. 

Reference numeral 62 indicates a cap disposed at a home position adjacent to the blade 61, which is moved in the 
direction perpendicular to the nrtovement direction of the ink jet head 65 so as to be abutted on the discharging outlet 
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surface for capping it. Reference numeral 63 indicates an ink absorber provided adjacently to the blade 61, which is 
held in a manner to project in the moving path of the Ink jet head 65 like the blade 61 , The blade 61 . cap 62, and the Ink 
absorber 63 serve to remove water content, dust and the like from the ink discharging outlet surface. 

The ink jet head 65 is configured to discharge recording liquid (ink) by thermal energy. Reference numeral 66 indi- 
5 cates a cartridge for moving the ink jet head 65 mounted thereon. The cartridge 66 is movable along a guide shaft 67 
to the printing region in which printing is conducted by the ink jet head 65 and to the resin adjacent thereto. 

Reference numeral 51 indicates a paper feeder in which a printing medium Is inserted, and 52 indicates a paper 
feed roller driven by a motor (not shown). With this configuration, the printing medium Is fed to a position opposed to 
the discharging outlet surface of the Ink jet head 65. and is discharged by means of a discharging roller 53 as the print- 
to ing proceeds. 

With this configuration, when the Inkjet head 65 is returned to the home position after completion of printing or the 
tike, the cap 62 of a head recovery unit 64 is retreated from the moving path of the ink jet head 65, but the blade 61 
projects in the moving path for wiping the discharging outlet surface of the Ink jet head 65. When the cap 62 Is abutted 
on the discharging outlet surface of the ink jet head 65 for capping it, it is moved so as to project in the moving path of 
15 the Inkjet head 65. 

When the ink jet head 65 is moved from the home position to the printing starting position, the cap 62 and the blade 
61 are located at the same positions as those upon wiping operation. As a result, even at such a movement of the Ink 
jet head 65, the discharging outlet surface of the ink jet head 65 Is wiped. The Ink jet head 65 Is moved to the home 
position not only after completion of recording and in the stand-by condition for discharging recover but also at specified 

20 intervals during movement in the printing region for printing. 

Color printing Is conducted using an ink jet head having discharging outlets for cyanogen, magenta, yellow, and 
black which are arranged in parallel to each other, or using ink jet heads for cyanogen, magenta, yellow and black which 
are an-anged in parallel to each other. In this case, the discharging of each color ink may be conducted only through 
one discharging outlet or the discharging of respective color inks may be conducted through a plurality of discharging 

25 outlets so as to allow the droplets having two or more of color inks to be simultaneously shot on a printing medium. 

Experiments 

Hereinafter, there will be described main parts of experiments which have been conducted by the present inventors 
30 in the course of finding of the above-mentioned fluorine-containing epoxy resin composition of the present invention. 
Sample Nos. 1 to 20 were each prepared in Experiments 1 to 20, and were examined in usability on the t^asis of the 
measured results regarding the hardness, liquid repellent property, adhesion property, film formabitlty, and flowability 
before hardening. 

In addition, a plurality of specimens were prepared for each of Sample Nos. 1 to 20 corresponding to Experiments 
35 1 to 20. 

Experiment 1 

First, there was prepared a coating solution by dissolving, in methytisobuthyl ketone, 50 parts by weight of a bisphe- 
40 nol A type epoxy resin "Epikote 828" (trade name, produced by Mjka Shell Epoxy Kabushiki Kaisha) as the component 
(a); 20 parts by weight of 3-(2-perf!uorohexyl) ethoxy-1 , 2-epoxypropane "MF-1 20" (trade name, produced by TOHKEM 
PRODUCT CORPORATION) as the component (b); 30 parts by weight of 1, 3-bis {glycidoxypropyl)tetramethydisi- 
loxane "LSySTO" (trade name, produced by Shin-Etus Chemical, Co., Ltd.) as a component (c); and 1 .5 parts by weight 
of a photo-polymerizing initiator "SP-ITO" (trade name, produced by Asahi Denka Kbgyo K. K) as the component (d), 
45 to prepare a methylisobutyl ketone solution in a concentration of 50 wt%. The resultant methylisobutyl ketone solution 
in an amount of 2 cc was dropped on a circular Si wafer having a diameter of 5 inches, followed by spin coating at a 
rotating speed of 600 rpm for 80 seconds, to coat the Si wafer with the methylisobutyl ketone solution. The SI wafer was 
dried at SO^'C for 15 minutes, being exposed to ultraviolet radiation at an exposure condition of 8J/cm^, and was ther- 
mally cured at 180 °C for one hour, to thus obtain Sample 1 . In addition, as a result of observation of the sample in a 
50 state directly after the drying treatment, the sample was found to have f lowablity. 

Experiment 2 

In this experiment. Sample 2 was prepared in the same manner as that of Experiment 1 . except that 55 parts by 
55 weight of an allcyclic type epoxy resin "CYI 79" (trade name, produced by Ciba-Geigy, Ltd.) was used as the component 
(a); 16 parts by weight of the 3-(2-perfluorohexyl) ethoxy-1. 2-epoxypropane "MF-120" (trade name, produced by 
TOHKEI\/l PRODUCT CORPORATION) was used as the component (b); and 21 parts by weight of 1 , 4-bls (hexaphloro- 
2-hydroxyl-2-propyl) benzene ""I, A-HFAB" (trade name, produced Central Glass Co., Ltd.). In addition, as a result of 
observation of the sample In a state directly after the drying treatment, the sample was found to have f lowablity. 
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Experiment 3 

In this experiment, Sample 3 was prepared in the same manner as that of Experiment 1 . except that 70 parts by 
weight of the alicyclic type epoxy resin "CYiyQ" (trade name, produced by Ciba-Geigy, Ltd.) was used as the compo- 
5 nent (a); 10 parts by weight of the 3-(2-perfluorohexyl) ethoxy-1 , 2-epoxypropane "MF-120" (trade name, produced by 
TOHKEM PRODUCT CORPORATION) was used as the component (b); 20 parts by weight of 2, 2-bis [p-{2. 3-epoxy- 
propoxy) phenyl]-1, 1, 1, 3. 3, 3-hexafluoropropane "CHEMINOX AFEp" (trade name, produced by Nippon Mektron, 
Ltd.) was used as the component (c). In addition, as a result of observation of the sample in a state directly after the 
drying treatment, the sample was found to have f towablity. 

10 

Experiment 4 

In this experiment. Sample 4 was prepared in the same manner as that of Experiment 1 , except that 34 parts by 
weight of alicydic type epoxy resin "EHPE-SISS" (trade name, produced by Daicel Chemical Industries, Ltd.) was used 

15 as the component (a); 16 parts by weight of the 3-(2-perfluorohexyl) ethoxy-1 , 2-epaxypropane •'MF-120'' (trade name, 
produced by TOHKEM PRODUCT CORPORATION) was used as the component (b); and 25 parts by weight of the 2, 
2-bis (p-(2, 3-epoxypropoxy) phenyl]-1 , 1 , 1 , 3, 3, 3-hexafluoropropane "CHEMINOX AFEp" (trade name, produced by 
Nippon Mektron, Ltd.) and 25 parts by weight of the 1, 4-bis (hexaphloro-2-hydroxyl-2-propyl) benzene "1, 4-HFAB'' 
(trade name, produced by Central Glass Co., Ltd.) were used as the component (c). In addition, as a result of observa- 

20 tion of the sample in a state directly after the drying treatment, the sample was found to lose f lowablity. 

Experiment 5 

First, there was prep^ed a coating solution by dissolving, in methylisobuthyl ketone, 34 parts by weight of the ali* 
25 cyclic type epoxy resin "EHPE-SI 58" (trade name, produced by Daicel Chemical Industries, Ltd.) as the component (a); 
16 parts by weight of N-propyl- N- (2, 3-epoxypropyl) perfluorooctanesulfonamide "MF-ISO** (trade name, produced by 
TOHKEM PRODUCT CORPORATION) as the component (b); 25 parts by weight of the 1. 4-bis ( hexaphloro-2- 
hydroxyl-2-propyl) benzene "1. 4-HFAB- (trade name, produced by Central Glass Co., Ltd.) and 25 parts by weight of 
the 1, 3-bis (glycidoxypropyl) tetramelhyldisiloxane TSyQTO" (trade name, produced by Shin-Etsu Chemical Co., Ltd.) 
30 as a conponent (c); and 1 part by weight of a themosetting catalyst Cu(CF3S03)2 as the component (d), to prepare a 
methylisobutyl ketone solution in a concentration of 50 wt%. The resultant methylisobutyl ketone solution in an amount 
of 2 cc was dropped on a circular Si wafer having a diameter of 5 inches, followed by spin coating at a rotating speed 
of 600 rpm for 80 seconds, to coat the Si wafer with the methylisobutyl ketone solution. The Si wafer was dried at 80°C 
for 15 minutes, being exposed to ultraviolet radiation at an exposure condition of SJ/cm^, and was thermally cured at 
35 180 **C for one hour, to thus obtain Sample 1 . In addition, as a result of observation of the sample in a state directly after 
the drying treatment, the sample was found to have f lowablity. 

Experiment 6 

40 In this experiment, Sample 6 was prepared in the same manner as that of Experiment 4, except that 1 part by 
weight of the thermosetting catalyst Cu(CF3S03)2 was used as the component (d), and the exposure step for the sam- 
ple was omitted. In addition, as a result of observation of the sample in a state directly after the drying treatment, the 
sample was found to lose f lowablity. 

45 Experiment 7 

tn this experiment. Sample 7 was prepared in the same manner as that of Experiment 4. except that 20 parts by 
weight of the 2, 2-bis [p-(2. 3-epoxypropoxy) phenyl]-1, 1, 1. 3, 3, 3-hexafluoropropane "CHEMINOX AFEp" (trade 
name, produced by Nippon Mektron, Ltd.) and 30 parts by weight of pholorohexanediol were used as the component 
50 (c). In addition, as a result of observation off the sample in a state directly after the drying treatment, the sample was 
found to lose fflowablity. 

Experiment 8 

55 In this experiment. Sample 8 was prepared in the same manner as that of Experiment 1 , except that 40 parts by 
weight of the bispheno! A type epoxy resin "Epikote 828- (trade name, produced by Yuka Shell Epoxy Kabushiki Kaisha) 
was used as the component (a); 20 parts by weight of the 2. 2-bis [p-(2, 3-epoxypropoxy) phenyl]-1 . 1 , 1 , 3, 3, 3-hex- 
afluoropropane "CHEMINOX AFEp" (trade name, produced by Nippon Mektron. Ltd) and 20 parts by weight of the 1 , 3- 
bis (glycidoxypropyl) tetramethydisiloxane "LS7970" (trade name, produced by Shin-Etus Chemical Co., Ltd.) were 
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used as the component (c). In addition, as a result of observation of the sample in a state directly after the drying treat- 
ment, the sanrpte was found to have f lowablity. 

Experiment 9 

5 

In this experiment, the components (a) and (b) were not used. First, there was prepared a coating solution by dis- 
solving, in methyisokxjthyl ketone, 1 00 parts by weight of the 2. 2-bis [p-(2, 3-epoxypropoxy) phenyl]-1. 1.1.3,3. 3-hex- 
afluoropropane "CHEMINOX AFEp (trade name, produced by Nippon Mektron, Ltd.) as the component (c) and 1.5 
parts by weight of the photo-polymerizing initiator "SP-1 70" (trade name, produced by Asahi Denka Kogyo K. K.) as the 
10 component (d). to prepare a methylisobutyl ketone solution in a concentration of 50 wt%. Then, using the resultant 
methyl isobutyl ketone solution. Sample 9 was prepared in the same coating and hardening conditions as those in 
Experiment 1 . In addition, as a result of observation of the sanrtple in a state directly after the drying treatment, the sam- 
ple was found to have flowablity. 

15 Experiment 10 

In this experiment, the components (1) and (c) were not used. First, there was prepared a coating solution by dis- 
solving, in methylisobuthyl ketone. 100 parts by weight of the 3-(2-perf luaohexyl) ethoxy-1 . 2-epoxypropane "MF-1 20" 
(trade name, produced by TOHKEM PRODUCT CORPORATION) as the component (b) and 1 .5 parts by weight of the 
20 photo-polymerizing initiator "SP-170" (trade name, produced by Asahi Denka Kogyo K. K.) as the component (d), to 
prepare a methylisobutyl ketone solution in a concentration of 50 wt%. Then, using the resultant methylisobutyl ketone 
solution. Sample 10 was prepared in the same coating and hardening conditions as those in Experiment 1. In addition, 
as a result of observation of the sanple in a state directly after the drying treatment, the sample was found to have flow- 
ablity. 

25 

Experiment 1 1 

In this experiment, the component (a) was not used. Rrst, there was prepared a coating solution by dissolving, in 
methylisobuthyl ketone, 20 parts by weight of the 3-(2-perf luorohexyl) ethoxy-1 , 2-epoxypropane "MF-1 20" (trade name, 

30 produced by TOHKEM PRODUCT CORPORATION) as the component (b) ; 80 parts by weight of the 1 , 3-bis ( glycidox- 
ypropyl) tetramethydisiloxane "LS7970" (trade name, produced by Shin-Etus Chemical Co.. Ltd.) as the component (c); 
and 1.5 parts by weight of the photo-polymerizing initiator "SP-170" (trade name, produced by Asahi Denka Kogyo K. 
K.) as the component (d), to prepare a methylisobutyl ketone solution in a concentration of 50 wt%. Then, using the 
resultant methylisobutyl ketone solution. Sample 1 1 was prepared in the same coating and hardening conditions as 

35 those in Experiment 1 . In addition, as a result of observation of the sample in a state directly after the drying treatment, 
the sample was found to have flowablity. 

Experiment 12 

40 In this experiment, the component (c) was not used. First, there was prepared a coating solution by dissolving, in 
methylisobuthyl ketone, 84 parts by weight of the produced by Daicel Chemical Industries, Ltd.) as the component (a); 
16 parts by weight of the 3-(2-perf luorohexyl) ethoxy-1 . 2-epoxypropane "f^F-120" (trade name, produced by TOHKEM 
PRODUCT CORPORATION) as the component (b); and 1.5 parts by weight of the photo-polymerizing initiator "SP- 
170" (trade name, produced by Asahi Denka Kogyo K. K.) as the component (d), to prepare a methylisobutyl ketone 

45 solution in a concentration of 50 wt%. Then, using the resultant methylisobutyl ketone solution. Sample 12 was pre- 
pared in the same coating and hardening conditions as those in Experiment 1 . In addition, as a result of observation of 
the sample in a state directly after the drying treatment, the sample was found to have flowablity. 

Experiment 13 

50 

In this experiment. Sample 13 was prepared using only a photo radical polymerization type liquid repellent agent 
"DEFENSA7710" (trade name, produced by Dainippon Ink & Chemicals, Incorporated) in the same coating and drying 
conditions as those in Experiment 1 , In addition, as a result of observation of the sample in a state directly after the dry- 
ing treatment, the sample was found to lose flowablity. 

55 

Experiment 14 

In this experiment, Sample 14 was prepared using only a solvent drying type liquid repellent agent composed of a 
polymer having a fluorine-containing heterocyclic structure at a main chain ''CTX-805A" (trade name, produced by 
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Asahi Glass Co., Ltd.) in the same coating and drying conditions as those in Experiment 1. In addition, as a resuH of 
observation of the sample in a state directly after the drying treatment, the sample was found to lose f lowablity 

Experiment 15 

5 

In this experiment. Sample 15 was prepared in the same manner as that of Experiment 4, except that 5 parts by 
weight of the 3-(2-perfluorohexyl) ethoxy-1 . 2-epoxypropane "MF-120*' (trade name, produced by TOHKEM PRODUCT 
CORPORATION) was used as the photo radical polymerization component (b); 31 parts by weight of the 2. 2-bls [p-{2. 
3-epoxypropoxy) phenyl]-1 , 1,1 , 3, 3, 3-hexafluoropropane "CHEMINOX AFEp" (trade name, produced by Nippon Mek- 
10 tron, Ltd.) was used as the component (c); and 30 parts by weight of the 1 , 4-bis (hexaphloro-2-hydroxyl-2-propyl) ben- 
zene "1 , 4-HFAB" (trade name, produced by Central Glass Co., Ltd.) was used as the component (d). In addition, as a 
result of observation of the sample in a state directly after the drying treatment, the sample was found to lose f lowablity. 

Experiment 16 

15 

In this experiment, Sample 16 was prepared in the same manner as that of Experiment 4, except that 5 parts by 
weight of the alicyclic type epoxy resin "EHPE-SISS" (trade name, produced by Daicel Chemical Industries, Ltd.) was 
used as the component (a) and 54 parts by weight of the 2. 2-bis [p-(2, 3-epoxypropoxy) phenylJ-1, 1, 1, 3, 3, 3-h6x- 
afluoropropane "CHEMINOX AFEp" (trade name, produced by Nippon Mektron, Ltd.) was used as the component (c). 
20 In addition, as a result of observation of the sample in a state directly after the drying treatment, the sample was found 
to have f lowablity. 

Experiment 1 7 

25 In this experiment, Sample 1 7 was prepared in the same manner as that of Experiment 4. except that 15 parts by 
weight of the alicyclic type epoxy resin "EHPE-3158" (trade name, produced by Daicel Chemical Industries, Ltd.) was 
used as the component (a) and 44 parts by weight of the 2, 2-bis [p-(2, 3-epoxypropoxy) phenyl]-1, 1. 1, 3, 3, 3-hex- 
afluoropropane "CHEMINOX AFEp" (trade name, produced by Nippon Mektron, Ltd.) was used as the component (c). 
In addition, as a result of observation of the sample in a state directly after the drying treatment, the sample was found 

30 to have f lowablity. 

Experiment 18 

in this experiment. Sample 18 was prepared in the same manner as that of Experiment 1. except that 46 parts by 
35 weight of the alicyclic type epoxy resin "CY179" (trade name, produced by Ciba-Geigy, Ltd.) was used as the compo- 
nent (a) and 10 parts by weight of the 1 , 3-bis (glycidoxypropyl) tetramethyldisiloxane "LS7970" (trade name, produced 
by Shin-Etus Chemical Co., Ltd.) was used as the component (c). In addition, as a result of observation of the sample 
in a state directly after the drying treatment, the sample was found to have f lowablity 

40 Experiment 19 

In this experiment, Sample 19 was prepared in the same manner as that of Experiment 4, except that 16 parts by 
weight of the 3-(2-perfluorohexyl) ethoxy-1, 2-epoxypropane "MF-120" (trade name, produced by TOHKEM PRODUCT 
CORPORATION) as the component (b) in Experiment 4 was replaced with 16 parts by weight of 2-perfluorooctaneethy- 
45 lacrylate "CHNIMOX FAAC" (trade name, produced by Nippon Mektron, Ltd.). In addition, as a result of observation of 
the sample in a state directly after the drying treatment, the sample was found to have f lowablity 

Experiment 20 

50 In this experiment, Sample 20 was prepared in the same manner as that of Experiment 1 . except that 20 parts by 
weight of Sefral Coat A-101B (trade name, produced by Central Glass Co,, Ltd.) was used as the component (b) in 
place of the 3-(2-perfluorohexyl) ethoxy-1 , 2-epoxypropane "MF-120" (trade name, produced by TOHKEM PRODUCT 
CORPORATION). In addition, as a result of observation of the sample in a state directly after the drying treatment, the 
sample was found to have f lowablity. 

55 

Evaluation 

Sample Nos. 1 to 20 obtained in Experiments 1 to 20 were evaluated in the following manner in terms of hardness,'* 
liquid repellent property adhesion property, and film formability. The results are shown in Table 1 . 
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(1) Evaluation of Hardness: 

The hardness of each san^ple was examined by a manner of placing a PPC copy paper (produced by CANON INC.) 
on each sanple. rubbingly reciprocating the copy paper on the sample 10 times in a state that a load of 500 gf/cm^ is 
applied on the copy paper, and observing the surface state of the sample with a microscope. The evaluated results on 
the basis of the following reference are shown in Table 1 . 

(Evaluation Reference) 

©: no damage 

O : micro-damage not visible, slightly observed 

a: visible damage 

X: separation of film from substrate 

(2) Evaluation of Liquid Repellent Property: 

The liquid repellent property of each sample was examined by dropping a black ink for BJC4000 produced by 
CANON INC. on the sample in an amount of 0.1 cc, erecting the substrate of the sanrple. and visually evaluating 
whether or not ink remains on the sample. The evaluated results on the basis of the following reference are shown in 
Table 1. 

(Evaluation Reference) 

@: inK immediately dropped 

O : ink, not immediately dropped but thereafter entirely dropped 
X: ink, remaining on the sample 

(3) Evaluation of Adhesion Property 

Each sample was subjected to an ink immersion (PCT) test conducted at 121°C and at 2 atm for 10 hours using 
the black ink for BJC4000 produced by CANON INC. The resultant sample was washed with water, followed by drying, 
and was examined in adhesion property by observing the adhesion state of the film of the sample with the Si wafer 
using a microscope. The evaluated results on the basis of the following reference are shown in Table 1 . 

(Evaluation Reference) 

O - filni, closely bonded with the substrate in preferable state 
a: film, slightly micro-separated and/or swelled 
X: film, apparently separated and swelled 

(4) Evaluation of Film Formability 

The film formability of each sample was examined by observing the surface condition (surface smoothness) of the 
film formed on the Si wafer of the sample using a microscope. The evaluated results on the basis of the following refer- 
ence are shown in Table 1 . 

(Evaluation Reference) 

O : no waviness, striped unevenness and aggregation on film surface 

X: waviness, striped unevenness and aggregation observed on film surface 

Other than the above evaluation items, each sample was examined in terms of solvent-suitability (solvent-solubility) 
of the resin composition constituting each sample. The evaluated results on the following reference are also shown in 
Table 1. 

(Evaluation Reference) 

O : resin composition, dissolved in solvents commonly used for ordinaria paint, such as acetone and methyl isobu- 
thyl ketone 



EP 0 779 337 A1 



X: resin composition, not dissolved in the solvents commonly used for ordinary paint 

Here, the sample having the solvent-suitability evaluated at the mark (Q) may be regarded to be high in flexibility 
when used as a paint because it allows the solvent to be suitably selected in consideration of the material and shape 
5 of the coating surface and also allows a leveling agent and an anttfoaming agent commonly used for a paint to be added 
thereto. 

The total evaluation for each sample was conducted by totally evaluating the evaluated results in the above evalu- 
ation items on the tasis of the following reference. The results are also shown in Table 1. 

10 (Evaluation Reference) 

@: (@ or O) in ail evaluation items 

O • o"'y (O) a" evaluation Items 

a: not including (X) but including (a) in at least one item 

15 X: including (X) In at least one item 

Hereinafter, the evaluation for the samples will be concretely described with reference to Table 1. Here, Sample 
Nos. 1 to 8, and 1 7 pertain to the present Invention. 

From the results shown in Table 1 , it is revealed that each of Sample Nos. 1 to 8, and 1 7 according to the resin com- 
20 position of the present invention Is excellent in hardness, liquid repellent property, adhesion property, film formability. 
and solvent-suitability, and therefore, it is suitable as a liquid repellent agent used when a discharging outlet surface of 
an ink jet head is subjected to liquid repellent finish. 

In particular, each of Sample Nos. 1 to 8 is significantly excellent in hardness as compared with the conventional 
liquid repellent agent, and therefore, in the case where the resin composition of each of Sample Nos. 1 to 8 is used as 
25 a liquid repellent agent for imparting a liquid repellent function onto a discharging outlet surface of an exchangeable 
type ink jet head cartridge, there can be realized the Inkjet head cartridge excellent in the reliability and printing quality. 

Table 1 also shows that Sample No. 9 has not a desired performance in terms of liquid repellent property and adhe- 
sion property. The poor Ikjuid repellent property of Sample No. 9 may be considered to be due to the structure of the 2, 
2-bis [p-(2, 3-epQxypropxy) phenyl]- 1, 1, 1, 3, 3, S-hexafluoropropane "CHEMINOX AFEp" (trade name, produced by 
30 Nippon Mektron. Ltd.) in which a perf luoro group having a liquid repellent function is held between benzene rings and 
thereby it cannot exhibit the characteristic thereof. 

Samples Nos. 10 to 12, and 19 and 20, as shown in Table 1, could be evaluated in hardness, liquid repellent prop- 
erty, adhesion property, and film formability because the film forming materials were not hardened. In addition, each of 
Sample Nos. 12, 19 and 20 was observed to be cloudy because the components used did not come to be in a compat- 
35 ibie state. 

Table 1 shows that Sample Nos. 13 and 14 are excellent in liquid repellent property but are insufficient in adhesion 
property and solvent-suitability. 

From the results shown in Table 1 , it is understood that Sample No. 15 is poor in liquid repellent property. The rea- 
son for this is that the content of the component (b) for imparting the liquid repellent function is low. 
40 As is apparent from Table 1, Sample No. 16 is poor in adhesion property and film formability and is insufficient in 
hardness. The reason for this is that the content of the conrponent (a) is low and thereby the performance inherent to 
the epoxy resin cannot be sufficiently achieved. 

As shown in Table 1, Sample No. 18 is poor in hardness, adhesion property, and film formability and is insufficient 
in hardness, like Sample No, 16. The reason for this is that the number of monofunctional groups is increased because 
45 of the large content of the component (b), and thereby the performance inherent to the epoxy resin cannot be suffi- 
ciently achieved. 

As can be easily understood from the above results obtained by the experiments, the resin connposition (that is, the 
fluorine-containing epoxy resin connposition) of the present invention is able to form on a substrate a high quality liquid 
repellent film excellent in surface properties (hardness and smoothness) and sufficient in liquid repellent property and 

50 adhesion property. In addition, as for the substrate, although the Si wafer is used as the substrate in the above experi- 
ments, it was recognized through experiments that the resin composition of the present invention was able to form the 
above high quality liquid repellent film on a different substrate such as a resin substrate or a metal substrate. The resin 
conposition of the present invention exhibits a significantly effect, particularly, when used for production of an ink jet 
head. That is, it enables formation of a liquid repellent resin excellent in surface properties (hardness and smoothness) 

55 and sufficient in liquid repellent property and adhesion property on a discharging outlet surface of an ink jet head in a 
desired shape. 

For example, when the fluorine-containing epoxy resin composition in each of Sample Nos. 1 to 8 and 1 7 according 
to the present invention is used as a liquid repellent agent in the process described in European Patent Laid-open No. 
631869 for imparting a liquid repellent function locally to neighborhoods of discharging outlets of a discharging outlet 



1 
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surface of an ink jet head, the resin composition is effective to be easily decomposed by excimer laser and hence to 
achieve an excellent patterning accuracy because it contains a benzene ring having a conjugated double bonding easy 
to absorb the energy of the excimer laser. This makes it possible to form a liquid repellent film excellent in surface prop- 
erties (hardness and smoothness) and sufficient in liquid repellent property and adhesion property at tiie neighbor- 
hoods of the discharging outlets on the discharging outlet surface of the ink jet head in a desired fine liquid repellent 
pattern, and hence to achieve a high reliability Inkjet head capable of conducting ink discharging at a high accuracy. 

On the other hand, when the fluorine-containing epoxy resin composition in each of Sample Nos. 1 to 4, 7, 8 and 
17 according to the present invention is used as the liquid repellent agent in the process described in Japanese Patent 
Laid-open No, 5-124199, the resin composition is able to form a liquid repellent film having excellent surface properties 
(hardness and snroothness) and sufficient in liquid repellent property and adhesion property at neighborhoods of dis- 
charging outlets on a discharging outiet surface of an Ink jet head in a desired fine liquid repellent patten, and hence to 
achieve a high reliability Inkjet head capaNe of conducting ink discharging at a high accuracy. 

Hereinafter, the usability of the fluorine-containing epoxy resin connposition according to the present invention will 
be described with reference to tiie following examples. In addition, these examples are for illustrative purposes only, and 
it is to be noted that tiie present invention is not limited thereto. 

Example? 1 and 2 

In these examples, the fluorine-containing epoxy resin composition of tiie present invention is used for the produc- 
20 tion of an Inkjet head in accordance with the process which has described with reference to FIGs. 1 to 12. 

Example 1 

There was provided a silicon subsb'ate having electrothermal converting elements as energy generating elements 
25 2 capable of generating energy for discharging ink and an ink supply port. Separately, there was prepared a coating 
solution by dissolving a copolymer of methylisopropenyl ketone and methacrylic add = 85/15 copolymer (copolymeri- 
zation ratio: 85/15, weight-average molecular weight: about 200, 000) in cyclohexanone, to prepare a cyclohexanone 
solution in a concentration of 18 wt%. The substrate 1 was spin-coated with the resultant cyclohexanone solution at a 
rotating speed of 700 rpm. followed by drying on a hot plate at 1 1C^C for 3 minutes, to form a photosensitive resin layer 
30 4. Successively, using a mask aligner PLA-520FA produced by CANON INC. (using cold mirror CM-290), ionizing radi- 
ation was irradiated onto the photosensitive resin layer 3 only at a predetermined portion not conti-ibuting to tiie forma- 
tion of an ink pathway for 2 minutes tiirough a patterning mask, whereby the predetermined portion was solubiiized. 
After that, tiie exposed portion (solubiiized portion) of ttie photosensitive resin layer 4 was eluted using metiiylisobuthyl 
ketone, followed by rinsing by xylene, to form an Ink patiiway-forming pattern 4a. Here, the ink pathway-forming pattern 
35 4a contributes to the formation of an ink patiiway which communicates witii the ink supply port 3 and contains the 
energy generating elements 2 therein. Thus, the resist pattern (the ink pattiway-forming pattern 4a) is left on the loca- 
tion where ttie ink patiiway is provided. The thickness of tiie resultant ink pathway-forming pattern 4a after the elution 
step was found to be 1 1 ^m. 

Then, a coating solution was prepared by dissolving, in cyclohexanone. 100 parts by weight of an epoxy resin 
40 "EHPE31 50" (trade name, produced by Daicel Chemical Indusf ies, Ltd. ); 20 parts by weight of an epoxy resin "Epikote 
1002" (trade name, produced by VUka Shell Epoxy Kabushiki Kaisha); 5 parts by weight of a silane coupling agent 
"A187'' (trade name, produced by Nippon Unicar Co., Ltd.); and 2 parts by weight of a cationic polymerization initiator 
"SP170" (trade name, produced by Asahi Denka Kogyo K. K.), to form a cyclohexanone solution in a concentration of 
50 wt%. The resultant cyclohexanone solution was applied by a spinner onto tiie ink pathway-forming pattern 4a of the 
45 substrate 1 to a film thickness (after drying) of 12 urn, followed by drying on a hot plate at 90^*0 for 5 minutes, whereby 
forming a 12 urn coating resin layer 6 so as to cover the ink patiiway-forming pattern 4a. In addition, tiie resin conpo- 
sition of the coating resin layer 6 has a negative type photosensitive characteristic (a portion irradiated witti light is hard- 
ened). Then, using a mask aligner MPA600 produced by CANON INC., tiie coating resin layer 6 was subjected to 
exposure through a patterning mask shown in FIG. 6 at an exposure amount of 3J/cnT^. In addition, tiie principal emis- 
50 sion line of the MPA600 is present in a wavelength range more than 366 nm, and tiiereby tiie photosensitive resin layer 
as the ink patiiway-forming pattern 4a is not substantially decomposed. The coating resin layer is then heated at 90^*0 
for 5 minutes, followed by elution of a non-exposed portion of the coating resin layer using methyisobuthyl ketone, to 
form discharging outlets. 

Next, ttiere was prepared a coating solution by dissolving, in metiiylisobutiiyl ketone, 34 parts by weight of an ali- 
55 cyclic type epoxy resin "EHPE-SISS" (b-ade name, produced by Daicel Chemical Industi'ies, Ltd.) as the component (a); 
16 parts by weight of 3-(2-perfluorohexyl) etiioxy-1, 2-epoxypropane ''MF-120*' (ti-ade name, produced by TOHKEI^ 
PRODUCT CORPORATION) as tiie component (b): 25 weight by weight of 2. 2-bis [p-(2, 3-epoxypropQxy) phenyl]-1, 
1. 1, 3. 3, 3-hexafluoropropane "CHEMINOX AFEP" (trade name, produced by Nippon Mektron, Ltd.) and 25 parts by 
weight of 1, 4-bis (hexaphloro-2-hydoxyl-2-propyl) benzene "1, 4-HFAB'' (trade name, produced by Centi-al Glass Co., 
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Ltd.) as the component (c); and 1.5 parts by weight of a photo-polymerizing initiator "SP-ITO" (trade name, produced 
Asahi Denka Kogyo K. K.) as the connponent (d), to prepare a methylisobuthyl ketone solution in a concentration of 50 
wt%. The methylisobuthyl ketone solution was further added with 4 parts by weight of the silane coupling agent "A1 87" 
(trade name, produced by Nippon Unicar Co., Ltd.) and 0.6 part by weight of a leveling agent "EF-802" (trade name, 

5 produced by TOHKEf^ PRODUCT CORPORATION). The coating resin layer 6 of the substrate 1 was then spin-coated 
with the resultant solution at a rotational speed of 600 rpm, and was heated at SOX for 15 minutes in an oven. Thus, a 
liquid repellent resin composition layer (hereinafter, refen'ed to simply as a liquid repellent layer) 10 having a thickness 
of 2.3 ^m was formed on the coating resin layer 6 as shown in FIG. 8. 

Then, as shown in FIG. 9, the liquid repellent layer 10 was subjected to exposure through a patterning mask 11 

10 having such a pattern as to allow active energy radiation to be transmitted only through neighborhoods of discharging 
outiets. In this case, the exposure was conducted at an exposure amount of 4J/cm^ using the mask aligner MPA600 
produced by CANON INC. Thus, the exposed portion of the liquid repellent layer 10 was hardened, so that the pattern- 
ing for the pation other than the neighborhoods of the discharging outiets was conducted in a desired state. Then, after 
heated at 90*^0 for 45 minutes in the oven, the non-exposed portion of the liquid repellent layer 10 was eluted using 

15 methylisobuthyl ketone, to locally form a liquid repellent pattern 10a only on tiie neighborhoods of tiie discharging out- 
lets as shown in FIG. 10. The local liquid repellent pattern 10a not perfectiy hardened was further heated at 100X for 
one hour for the purpose of preventing the pattern from being deformed in a step of eluting tiie solid layer which will be 
described later. 

Next, in order to decompose the ink patiiway-forming pattern 4a, as shown in FIG. 1 1 , ionizing radiation was irra- 
20 dieted onto the ink patiiway-forming pattern 4a through tiie liquid repellent pattern 10a and the coating resin layer 6 for 
2 minutes using a mask aligner PLA-520 produced by CANON INC. (cold-mirror CM290) 

The substrate 1 was tiien immersed in metiiylisobutiiyl ketone for 1 5 seconds while effecting ultrasonic wave there- 
into, to elute tiie ink pathway-forming pattern 4a. At tiiis step, since the ink pathway-forming pattern 4a was already 
decomposed, it could be easily eluted. In addition, although the copolymer used for tiie coating resin layer 6 is of an 
25 ionizing radiation decomposable type, in the case of using CM290, the decomposition reaction is substantially negligi- 
t)le. In tiiis way, an ink pathway 8 was formed, and an ink jet head shown in FIG. 1 2 was obtained. 

Example 2 

30 In this example, an ink jet head was prepared in tiie same manner as tiiat of Example 1 , except tiiat 20 parts by 
weight of tiie 2, 2-bis [p-(2, 3-epoxypropQxy) phenyl]-1, 1, 1, 3. 3, 3-hexafluoropropane "CHEMINOX AFEp" (trade 
name, produced by Nippon MeWron, Ltd.) and 30 parts by weight of phlorohexanediol were used as the conrponent (c) 
of tiie resin composition for forming tiie liquid repellent layer 10. 

35 Evaluation 

Each of the Inkjet heads prepared in Examples 1 and 2 was examined in terms of printing performance in the fol- 
lowing manner. That is, the Inkjet head was mounted on an Inkjet system shown in FIG. 13, and was subjected to test 
printing using tiie black ink for BJC4000 produced by Cannon for 30 pieces of A4 sized sheets. As a result, it was 
40 revealed tiiat each of the ink jet heads prepared in Examples 1 and 2 was able to conduct stable printing with a high 
accuracy 

Example 3 

45 In tills example, tiie fluorine-containing epoxy resin composition of the present invention was used as a paint for a 
hull. 

First, there was prepared a resin composition containing 60 parts by weight of a bisphenol A type epoxy resin 
"Epikote 828" (trade name, produced by VUka Shell Epoxy Kabushiki Kaisha) as the component (a); 10 parts by weight 
of the 3-(2-perfluorohexyt) etiioxy-1, 2-epoxypropane ''MF-120" (trade name, produced by TOHKEf^ PRODUCTS 

50 CORPORATION) as ttie component (b); and 30 parts by weight of 1, 3-bis (glycidoxypropyl) tetramethykJialoxane " 
LSTSyg" (trade name, produced by Shin-Etsu Chemical Co., Ltd.) as the component (c), wherein tiie components (a), 
(b) and (c) were uniformly mixed in a compatible state. The resin composition was furtiier added with 60 parts by weight 
of a siloxane-bonded amine hardening agent 'TSL9346'' (trade name, produced by Toshiba Silicone Co., Ltd.) and 3 
parts by weight of the silane coupling agent "A-IS?" (trade name, produced by Nippon Unicar Co., Ltd.). and uniformly 

55 mixed tiierewitii into a compatible state. The resultant resin composition is further added with 1 0 parts by weight of tita- 
nium oxide as a coloring agent dispersed tiierein, to prepare a paint. 

The paint thus obtained was applied on a portion of a hull to be painted using a brush, followed by being left at room 
temperature for 24 hours, and was hardened using an infrared ray lamp. The hull thus painted, which was sunk in tiie 
sea for 20 days and drawn up, was examined in surface state. As a result, it was observed that the painted portion was 
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kept in a desired state, that is. the sticking of acorn shells, moss, and seaweeds on the painted portion of the hull was 
significantly reduced. 

Eyarr^le 4 

In this exanrple, the fluorine-containing epoxy resin composition of the present invention was used for bonding of a 
lid of an atumite made kettle with a wooden handle. 

First, there was prepared a resin composition containing 60 parts by weight of the bisphenol A type epoxy resin 
"Epikote 828" (trade name, produced by VUka Shell Epoxy Kabushiki Kaisha) as the component (a); 10 parts by weight 
of the 3-(2-perfluorohexyl) ethoxy-1, 2-epoxypropane ''MF-120" (trade name, produced by TOHKEM PRODUCTS 
CORPORATION) as the component (b); and 30 parts by weight of 1, 3-bis (glycidoxypropyl) tetramethyldisiloxane " 
157979" (trade name, produced by Shin-Etsu Chemical Co., Ltd.) as the component (c), wherein the components (a), 
(b) and (c) were uniformly mixed with each other In a compatible state. The resin composition was further added with 
30 parts by weight of a siloxane-bonded amine hardening agent "157430" (trade name, produced by Toshiba Silicone 
Co., Ltd.) and 3 parts by weight of the silane coupling agent "A-187" (trade name, produced by Nippon Unicar Co., Ltd.), 
to prepare an additive. In this adhesive, the siloxane-bonded amine hardening agent and the silane coupling agent were 
unifOTmly mixed with the resin composition into a preferable compatible state. 

The adhesive thus obtained was applied using a brush to the handle at a portion to be bonded with the lid of the 
kettle, and the handle was brought in close-contact with the lid. The handle and the lid in such a state were left at room 
temperature for 24 hours, followed by thermal curing at 80'*C for 2 hours for hardening the adhesive, to thus complete 
the bonding of the handle with Ikl. Tlie kettle covered with the lid bonded with the handle by means of the adhesive was 
used for boiling water five times, which gave a preferable result that the handle and the lid were not separated from each 
other. 
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Table 1 (Continued) 
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*1: selectively soluble only in specified solvent (freon 
base solvent) 

*2: since solvent-suitability is evaluated at (X) but is 
soluble in specified solvent (freon based solvent ), total 
evaluation is evaluated at (A) 



Claims 

1. A fluorine-containing epoxy resin composition at least containing: a component (a) in an amount of from 5 to 80 
parts by weight; a component (b) in an amount of from 5 to 40 parts by weight; and a component (c) in an anwunt 
of from 5 to 80 parts by weight, wherein 
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said component (a) comprises a polyfunctiona! epoxy resin having two or more of epoxy groups in one mole- 
cule and not containing F and Si; 

said component (b) comprises an epoxy compound having a perfluoro group at a terminal: and 
said conponent (c) comprises a compound containing in one molecule two or more of one kind or two or more 
5 kinds selected from an epoxy group, an alcohol group, a carboxylic acid group, and an amine group. 

2. A fiuorine-containing epoxy resin composition according to claim 1 , further containing a polymerizing catalyst. 

3. A fluorine-containing epoxy resin composition according to claim 2, wherein said polymerizing catalyst is a thermal- 
10 polymerizing catalyst. 

4. A fluorine-containing epoxy resin composition according to claim 2, wherein said polymerizing catalyst is a photo- 
polymerizing catalyst. 

15 5. A fluorine-containing epoxy resin composition according to claim 1 , further containing a hardening agent. 

6. A fluorine-containing epoxy resin composition according to claim 5, wherein said hardening agent is an amine 
based compound containing a siioxane group or perfluoro group or an acid anhydride of said amine based com- 
pound. 

20 

7. A fluorine-containing epoxy resin composition according to claim 1 , further containing a silane coupling agent, 

8- A fluorine-containing epoxy resin composition according to claim 1 , further containing a coloring agent. 

25 9. A fluorine-containing epoxy resin oonposition according to claim 1 , wherein said resin composition is in a solid 
state at normal temperature. 

10. A fluorine-containing epoxy resin composition according to claim 1 . wherein said composition is in a liquid state at 
normal temperature. 

30 

11 . A fluorine-containing epoxy resin composition according to claim 1 , wherein said component (c) comprises a com- 
pound having two or more of epoxy groups in one molecule and containing F or Si, and a compound having two or 
more of one kind or two or more kinds selected from an alcohol group, a carboxylic acid group, and an amine group 
and containing F or Si. 

35 

12. A ftuorlne-containing epoxy resin composition according to claim 11, wherein the mixing ratio between said com- 
pound contained in said component (c) which has two or more of epoxy groups in one molecule and contains F or 
Si, and said compound contained In said component (c) which has two or more of one kind or two or more kinds 
selected from an alcohol group, a carboxylic acid group, and an amine group and contains F or Si, is in a range of 

40 from 1:5 to 5:1. 

1 3. A process for conducting suriace treatment for a specified surface of an object by forming a liquid repellent film ther- 
eon, comprising; 

45 (1 ) a step of coating said surface of the object with a fluorine-containing epoxy resin composition, said fluorine- 

containing epoxy resin composition at least containing: 

a component (a) in an amount of from 5 to 80 parts by weight; a component (b) in an amount of from 5 to 
40 parts by weight; and a conponent (c) in an amount of from 5 to 80 parts by weight, wherein said com- 
50 ponent (a) comprises a polyfunctional epoxy resin having two or more of epoxy groups in one molecule 

and not containing F and SI; said conponent (b) comprises an epoxy compound having a perfluoro group 
at a terminal; and said component (c) comprises a compound containing In one molecule two or more of 
one kind or two or more kinds selected from an epoxy group, an alcohol group, a carboxylic acid group, 
and an amine group; and 

55 

(2) a step of forming a liquid repellent film by hardening said fluorine-containing resin composition coated on 
said surface. 

14. A fluorine-containing epoxy resin conposition according to claim 13. further containing a polymerizing catalyst. 
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15. A fluorine-containing epoxy resin composition according to claim 14, wherein said polymerizing catalyst is a ther- 
maliDolymerizIng catalyst. 

16. A fluorine-containing epoxy resin composition according to claim 14, wherein said polymerising catalyst is a photo- 
polymerizing catalyst. 

17. A fluorine-containing epoxy resin composition according to claim 13, further containing a hardening agent. 

18. A fluorine-containing epoxy resin composition according to claim 17. wherein said hardening agent is an amine 
based compound containing a siloxane group or perfluoro group or an acid anhydride of said amine based com- 
pound. 

19. A fluorine-containing epoxy resin composition according to claim 13, further containing a silane coupling agent. 

20. A fluorine-containing epoxy resin conposition according to claim 13, further containing a coloring agent. 

21. A fluorine-containing epoxy resin composition according to claim 13. wherein said resin composition is in a solid 
state at normal temperature. 

22. A fluorine-containing epoxy resin composition according to daim 13, wherein said composition is in a liquid state 
at normal temperature. 

23. A fluorine-containing epoxy resin conposition according to daim 13, wherein said component (c) comprises a com- 
pound having two or nrrare of epoxy groups in one molecule and containing F or Si. and a compound having two or 
more of one kind or two or more kinds selected from an alcohol group, a carboxylic acid group, and an amine group 
and containing F or SI. 

24. A fluorine-containing epoxy resin composition according to daim 23, wherein the mixing ratio between said com- 
pound contained in said component (c) which has two or more of epoxy groups in one molecule and contains F or 
Si, and said compound contained in said component (c) which has two or more of one kind or two or more kinds 
selected from an alcohol group, a carboxylic acid group, and an amine group and contains F or Si. is in a range of 
from 1:5 to 5:1. 

25- A process according to claim 1 7, wherein said liquid repellent film is selectively formed at a specified region on said 
specified surface. 

26. A process according to claim 25, wherein the selective formation of said liquid repellent film is conducted by pat- 
terning said resin composition by a photolithography process. 

27. A process according to claim 13, wherein said specified surface of the object is a discharging outlet surface of an 
ink jet head. 
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